The reliability and construct validity of the Automated Neuropsychological Assessment Metrics (ANAM) mood scale (AMS) were examined using concurrent, well-validated measures of mood and confirmatory factor analysis (CFA) with a sample of 210 volunteer college students. The AMS was given in computerized format with multiple adjectives using a visual analog Likert scale yielding seven dimensions of mood including vigor, restlessness, depression, anger, fatigue, anxiety, and happiness. All seven mood dimensions of the AMS demonstrated excellent test-retest reliability and internal consistency. Also, the AMS anxiety dimension correlated strongly with the Spielberger's State Anxiety Inventory (r = 0.67) and the AMS depression dimension correlated strongly with the Beck Depression Inventory-II (r = 0.71). CFA revealed that the AMS 7-factor mood model fit the data well and significantly better than an alternative, theoretically plausible model. When concurrent measures of mood were incorporated in the CFA model, the AMS demonstrated both convergent and discriminant validity. The AMS 7-factor model explained 55.12% of the total variance in the items. It was concluded that the AMS provides a brief yet reasonably complete and valid assessment of mood.
clinicians have recognized ANAM's clinical and non-clinical utility in a number of domains including multiple sclerosis, systemic lupus erythematosus, Parkinson's disease, Alzheimer's disease, acquired brain injury, migraine headaches, environmental stressors, and general human performance (see Kane, Roebuck-Spencer, Short, Kabat, & Wilken, 2007 for review). Although construct validation has been reported for many of ANAM's cognitive tests (see Short, Cernich, Wilken, & Kane, 2007) , little validation of the AMS has been reported. Therefore, the reliability and construct validity of the AMS were examined using concurrent, well-validated measures of mood and confirmatory factor analysis. Considering the diversity of domains to which ANAM is applied, the AMS was validated with mood scales from both clinical and non-clinical domains.
As Kane et al. (2007) note, the application of computer-based neuropsychological testing was motivated by the need to develop a screen for neurocognitive deficits that is not feasible using traditional, comprehensive neuropsychological examination. In this extensive review, Kane et al. demonstrated the utility of ANAM's cognitive tests serving such a purpose for a variety of neurological diseases. There is also evidence that mood should be considered an important factor in the screening for neurological disease.
For example, Montgomery et al. (2000) performed a prospective study on probable idiopathic Parkinson's patients and controls in an attempt to develop a neuropsychological battery with high sensitivity and specificity to Parkinson's disease. They found that depressed mood was an important factor in differentiating a probable Parkinson's group from a control group. Notably, the sensitivity and specificity attained using the mood test alone was comparable to using a psychomotor test alone.
Mood has also shown importance in screening for mild traumatic brain injury (TBI). Some of the commonly reported symptoms of mild TBI are elevated mood states such as fatigue, frustration, depression, and anxiety (Alexander, 1995; Serio & Devens, 1993) . A significant portion of mild TBI patients may even develop depressive disorders with the average frequency being about 40% (Brooks, McKinlay, Symington, Beattie, & Campsie, 1987; Jorge & Robinson, 2002; McCleary et al., 1998) . Notably, the onset of depressive disorders may occur long after the TBI (Gaultieri & Cox, 1991) . Consequently, following a TBI, mood should be monitored along with cognitive function to track recovery of neurocognitive function and screen for those who may be at risk for developing depression.
The need for monitoring mood disturbances is evident in soldiers who have been deployed. For example, a subset of those deployed in the 1991 Persian Gulf War generally demonstrated poor mental outlook and emotional resilience (Clauw, 2003; Glass et al., 2004) . Stortzbach et al. (2000) found that compared to a non-deployed sample, deployed soldiers exhibited differences in cognitive function but also large differences in self-reported mood disturbances. Using self-report measures of mood and cognitive states, they were able to achieve a classification sensitivity of 89.2% (percentage of clinical group classified as clinical group) and a classification specificity of 80.4% (percentage of control group classified as control group).
In addition, soldiers may be exposed to extreme environmental stressors or neurotoxins. Mood changes are often the earliest and most consistent symptoms of neurotoxin exposure and environmental stressors such as hypoxia and neuroglycopenia (Anger, Otto, & Letz, 1996; Frier, 2001; Fulco & Cymerman, 1988) . Frequently, cognitive deficits are apparent after neurotoxin exposure, but can present later and less consistently (Anger, 2003) . Therefore, effective measures of mood assessed shortly after neurotoxin exposure or an extreme environmental stressor can be important predictors of future cognitive decline.
Recently, Vasterling et al. (2006) collected neuropsychological data from 961 soldiers pre-and post-deployment to Iraq. At post-deployment soldiers exhibited cognitive deficits in sustained attention, verbal learning, and visual spatial memory, as well as increased negative affect. Specifically, deployed soldiers reported significantly higher confusion and tension. This provides the most recent evidence in a large sample that mood changes are present in post-deployed soldiers.
As opposed to a comorbid factor, mood can also be considered a confounding factor in the screening for neuropsychological dysfunction. It is now fairly well established that mood can have a significant impact on cognitive functions such as memory and attention (Christensen, Griffiths, Mackinnon, & Jacomb, 1997; Massman, Delis, Butters, Dupont, & Gillin, 1992; Shackman et al., 2006; Tiersky, Johnson, Lange, Natelson, & DeLuca, 1997) . Considering the anxietyprovoking nature of neuropsychological assessment, it is important to understand neurocognitive deficits in the context of decrements caused by anxiety or depression alone.
Recently, Roebuck-Spencer et al. (2006) used ANAM to predict neuropsychological functioning and emotional distress in patients with systemic lupus erythematosus. Depression and sleepiness are commonly reported symptoms of patients with systemic lupus erythematosus. Roebuck-Spencer et al. viewed depression and sleepiness as potential confounding factors in screening for systemic lupus erythematosus and therefore investigated whether decrements in cognitive function persisted after controlling for these factors. They found that mood factors accounted for just over 10% of global neuropsychological functioning. Importantly, they stated that "ANAM cognitive tests remained independent predictors of neuropsychological functioning, even when depression and sleepiness were covaried" (Roebuck-Spencer et al.) .
Relevant to the current study, Roebuck-Spencer et al. (2006) compared the AMS and Beck's Depression Inventory-II (Beck, Steer, & Brown, 1996) and found that the AMS depression subscale correlated highly with BDI-II scores. This result provides preliminary evidence that the AMS is a valid indicator of depressed mood.
Brief description, history, and previous psychometric properties of AMS
From the beginnings of ANAM, the AMS has been incorporated in various forms in the ANAM test library. The current version of the AMS included in the ANAM4 test library assesses seven dimensions of mood including vigor, restlessness, depression, anger, fatigue, anxiety, and happiness. Multiple adjectives representing each of these domains are serially presented on the computer screen. Test takers rate each adjective on a Likert scale to indicate how well the adjectives describe how they feel at that moment.
The AMS origins can be traced to Johnson and Meyers' (1967) primary affect scale. This scale was based on mood intensity ratings by a moderately sized Navy personnel group. Ryman, Biersner, and La Rocco (1974) created a shortened version of this mood scale and established initial predictive validity by demonstrating its sensitivity to stress and anxiety reports from divers (Biersner, McHugh, & Rahe, 1984 
Current study
The purpose of this study is to determine the test-retest reliability, internal consistency, factor structure, and construct validity of the current AMS. This study extends previous psychometric work on ANAM cognitive tests . Regarding the construct validity of the AMS, confirmatory factor analysis is used to (1) determine if ANAM's 7-factor mood model fits the data, (2) compare ANAM's 7-factor model to an alternative theoretically plausible model of mood, specifically the 2-factor positive and negative affect model posited by Watson, Clark, and Tellegen (1988) , and (3) test the convergent and discriminant validity of AMS utilizing well-validated, concurrent measures of mood.
Concurrent mood measures from diverse mood domains included the Standard Profile of Mood States (McNair et al., 1971 ), Beck Depression Inventory-II (BDI-II; Beck et al., 1996) , State/Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) , and the Dundee Stress State Questionnaire (DSSQ; Matthews et al., 1999) .
Methods

Participants
The sample consisted of 210 undergraduate students at the University of Oklahoma. Participants were recruited through an online experiment management system and received class credit for voluntary participation. This experiment was approved by the Internal Review Board at the University of Oklahoma.
Measures
ANAM Mood Scale II v.4.1 (AMS)
The AMS is designed to assess seven dimensions of mood including vigor, restlessness, depression, anger, fatigue, anxiety, and happiness. Each dimension consists of six adjectives for a total of 42 items that are rated on a 7-point Likert scale of mood intensity. Mean ratings are computed for each scale with higher values reflecting greater degree of endorsement of each of the mood states. The AMS takes, on average, just over 2 min to complete.
Dundee Stress State Questionnaire (DSSQ)
The mood scale of the DSSQ (Matthews et al., 1999) consists of 29 items designed to measure transient states associated with anxiety, energetic arousal, positive feelings, and anger/frustration. This scale was selected because these dimensions more often have relevance in the context of human performance research. In a large-scale study, Matthews et al. (2002) demonstrated the sensitivity of the DSSQ to changes in mood in response to stressful working memory and vigilance tasks.
Profile of Mood States (POMS)
The Standard POMS (McNair et al., 1971) consists of a set of 65 Likert-type items for rating the intensity of six mood state factors: tension/anxiety, depression/dejection, anger/hostility, fatigue, vigor, confusion/bewilderment, as well as an index of total mood disturbance. The POMS was selected because it is a popular scale designed for mood assessment in clinical and non-clinical domains.
Spielberger State Anxiety Inventory (STAI-S)
Spielberger's State Anxiety Inventory (Spielberger et al., 1983) consists of 20 items that ask how a person feels currently, and reflects situational factors that may influence anxiety levels. Scores range from 20 to 80 and the higher the score, the greater the level of anxiety. The STAI-S was selected because state anxiety has relevance in both clinical and non-clinical domains.
Beck Depression Inventory-II (BDI-II)
The BDI-II (Beck et al., 1996) consists of 21 items assessing the intensity of symptoms of depression. Each item is a list of four statements arranged in increasing severity about a particular symptom of depression. This scale was selected because it has been validated as a clinical scale of depression.
Procedure
Upon arrival, each participant reviewed and signed an informed consent and completed a printed demographic questionnaire. Participants began the study session by completing four mood questionnaires/scales: (1) ANAM4 AMS (computerized), (2) DSSQ (paper and pencil), (3) STAI-S (paper and pencil), and (4) POMS (paper and pencil). Presentation of the questionnaires was counterbalanced to reduce potential carryover effects. After completing the initial set of questionnaires, participants were administered four performance tests from the ANAM4 library of tests (Simple Reaction Time, Two-Choice Reaction Time, Code Substitution -Learning, and Memory Search). These tests served as a time-filler between the first and second administrations of the mood questionnaires. These tests were selected because they are of a relatively low level of difficulty and should have lower emotional reactivity in comparison to anxiety-provoking tests like math and extremely difficult tests. These filler tests take, on average, 12 min to complete. Participants then completed a second administration of the four mood questionnaires/scales. To reduce questionnaire reactivity, the BDI-II was administered following the second administration of the mood scales.
Data analysis
Analyses included calculation of descriptive statistics (mean and standard deviation) for the AMS and concurrent mood measures, examination of AMS internal consistency, test-retest reliability, and construct validity. Internal consistency was assessed using Cronbach's α. Test-retest reliability was assessed by Pearson's correlations between scores from the two administrations. Additionally, convergent and discriminant validity were assessed by Pearson's correlations between scores on AMS and validation measures (POMS, BDI-II, DSSQ, and STAI-S). Finally, confirmatory factor analysis was performed to assess construct validity of the scales of the AMS. All analyses were conducted using SAS version 9.1 (SAS Institute, Inc., Cary, NC). Table 1 contains demographics information on the sample. The mean age of the sample was 19.2 years (S.D. = 2.7), ranging in age from 18 to 42 years (Table 1 ). The majority of participants were female (72%) with a freshman-level college standing (68%). Seventy-seven percent of the sample reported their ethnicity as white, non-Hispanic. Table 2 presents descriptive statistics for the AMS and concurrent mood measures. Table 3 presents the internal consistency for each of the AMS scales. Cronbach's α coefficients ranged from 0.80 (restlessness) to 0.93 (depression). Table 4 demonstrates the test-retest reliability with correlations of the AMS from Time 1 to Time 2 ranging from r = 0.75 to 0.91. This table also indicates some significant differences in mean scores from Time 1 to Time 2. However, the sample size is large and power is very high, so these significant differences may not necessarily be interpreted as important shifts in mood. Table 5 shows the correlations between the AMS (taken at Time 1) and the other concurrent measures of mood, including the POMS, STAI-S, DSSQ, and BDI-II. Most theoretically consistent correlations were strong (r ranging between 0.59 and 0.70). Specifically, AMS mood dimensions correlated strongly with the corresponding dimensions of the POMS, BDI-II, DSSQ, and STAI-S, suggesting convergent validity. For example, the AMS anxiety dimension strongly correlated with the STAI-S (r = 0.67) as well as the POMS tension/anxiety dimension (r = 0.56). The AMS depression dimension strongly correlated with the BDI-II (r = 0.71) as well as the POMS depression/dejection dimension (r = 0.71). AMS mood dimensions unrelated to POMS, BDI-II, and STAI-S had weak correlations, suggesting discriminant validity. For example, the AMS vigor dimension weakly correlated with the BDI-II (r = −0.31) and AMS vigor dimension weakly correlated with the POMS tension/anxiety dimension (r = −0.16). Table 6 presents the correlations between all mood measures used to validate the AMS. Correlations were strong between theoretically consistent variables. For example, the POMS depression/dejection dimension strongly correlated with the BDI-II (r = 0.60).
Results
Internal consistency
Test-retest reliability
Validity
Confirmatory factor analysis
Confirmatory factor analysis (CFA) was used to fit and compare four models of mood. Model estimation was performed with a maximum likelihood approach using the CALIS procedure in SAS version 9.1 (SAS Institute, Inc., Cary, NC). This estimation procedure was used because it tends to be more robust to violations of multivariate normality than estimation by generalized least squares (Browne, 1982; West, Finch, & Curran, 1995) . The sample was suitable for factor analysis according the KMO (0.927) and Bartlett (χ 2 = 6406.02, p < 0.0001) statistics. Fit indices included the conventional χ 2 , but χ 2 should not be interpreted without other indices because it is sensitive to sample size and tends to produce Type II errors with large sample sizes (Chou & Bentler, 1995; Loehlin, 2004) . However, the χ 2 can also be used to perform a χ 2 difference test in which two nested models are compared. The test indicates whether a model that estimates more parameters fits the data significantly better than a simpler model. The root mean square error of approximation (RMSEA) and its 90% confidence intervals are reported. Values less than 0.10 are considered acceptable fits (Browne & Cudeck, 1993) . The RMSEA adjusts for both the number of parameters in the model (i.e., parsimony) and the sample size (Kline, 2005; Loehlin, 2004) . The root mean square residual (RMR) is reported as an additional measure of absolute fit that, like the χ 2 , does not adjust for sample size (Maruyama, 1998; Tanaka, 1993) . Acceptable fits according to the RMR are under 0.10 (Kline, 2005; Loehlin, 2004) . The Consistent Akaike's Information Criterion (CAIC) is also reported because it adjusts for parsimony and provides a metric for model comparisons for models that are not nested. Smaller values for CAIC indicate better fit.
Tests of univariate and multivariate normality
SAS provides skewness and kurtosis estimates originally derived by Browne (1982) , where values near 0 indicate univariate normal distributions. According to Tabachnick and Fidell (2001) , a z-score based on skewness and kurtosis standard errors can be calculated to test whether a distribution is significantly skewed or kurtotic with a conventional alpha of 0.001. Using this guideline, adjectives with extreme emotional valence (e.g., depressed, furious) were both significantly positively skewed and kurtotic, whereas adjectives with less extreme emotional valence (e.g., alert, lazy) were not. This is perhaps unsurprising given that a non-clinical group of healthy young adults was sampled and mood was not induced. We would not expect, on average, a sample of college students to report high depression scores or to become infuriated with relatively benign cognitive tasks. However, it should be noted that although maximum likelihood is relatively robust to non-normality, estimates could be inflated and should not be over interpreted (West et al., 1995) . Table 7 presents the fit indices for four models used to test the convergent and discriminant validity of the AMS. ANAM's 7-factor model exhibited good fit to the data according to all fit indices. Table 8 provides standardized estimates (i.e., factor loadings) and r 2 values for all AMS adjectives for each of the dimensions of mood. The ANAM factors explained variance in adjective ratings quite well with most r 2 being above 0.50. Table 9 presents the factor correlations between each of the AMS mood dimensions. Some correlations are quite high (e.g., restlessness and anxiety) suggesting a simpler model with fewer mood dimensions may more closely capture The vigor and happiness dimensions of the AMS were combined to form the positive affect factor and the restlessness, anxiety, depression, and anger dimensions were combined to form the negative affect factor. Also, the AMS fatigue factor was kept in the model, but as a separate factor. A convergent validity model was constructed by incorporating all concurrent measures of mood including the POMS, BDI-II, STAI, and the DSSQ. The facets of each concurrent mood dimension were placed under the concordant AMS mood dimensions (e.g., POMS-anger under AMS-anger). Table 7 indicates good convergent validity for the AMS, as the fit indices for the convergent validity model were within acceptable ranges. Also, the ANAM 7-factor model explained considerable variance in the concurrent measures (e.g., BDI-II r 2 = 0.53, POMS-tension r 2 = 0.41).
Model comparisons
A discriminant validity model was constructed by placing the BDI-II and POMS-tension facets of the concurrent mood dimensions under a discordant AMS mood dimension (see Table 7 ). When the BDI-II and POMS-tension scores were placed under the AMS-vigor dimension, the fit indices all worsened and their r 2 dropped considerably (BDI-II r 2 = 0.27, POMS-tension r 2 = 0.05). This result indicates that the AMS mood dimensions are measuring different aspects of mood.
Discussion
The purpose of this study was to examine the psychometric properties of the AMS, including its reliability and construct validity. The AMS exhibited excellent test-retest reliability and internal consistency. Confirmatory factor analysis demonstrated that ANAM's 7-factor mood model fits the data quite well and significantly better than a more parsimonious Positive/Negative Affect model. When concurrent measures of mood were incorporated into the ANAM 7-factor model, the model fits the data well, thereby providing empirical support for convergent validity of the AMS mood dimensions. Discriminant validity for the AMS was established by showing that the variance in the concurrent measures of mood was not explained well when they were put under a discordant AMS dimension (e.g., BDI-II under AMS vigor).
This construct validity study of the AMS extends the psychometric research on ANAM and provides evidence that it is a reliable and valid testing system of both cognitive function and mood. Short et al. (2007) employed confirmatory factor analysis and concurrent, well-validated measures of cognitive function to provide evidence that ANAM cognitive tests measure attention, processing efficiency, and working memory. The construct validity analysis in the current study indicated that the AMS measures seven separable, but not completely independent, dimensions of mood that measure dimensions similar to those assessed by well-validated measures of mood including the BDI-II, STAI, DSSQ, and POMS. It is particularly noteworthy that the AMS dimensions were highly related to all concurrent measures because these measures were selected to cover the diverse domains in which mood is relevant, including clinical, non-clinical, and human performance domains. This result provides initial evidence that the AMS can be used to assess mood in the variety of areas in which the ANAM neuropsychological assessment batteries are used.
There are limitations in this study that conditionalize its results and conclusions. One important caveat is that all CFAs were performed on variables in which a subset of them was significantly non-normal. This can cause the inflation of estimates (West et al., 1995) . However, the large sample size and relative robustness of maximum likelihood helped protect the models from spurious estimates. In addition, most of the results and conclusions were not based on interpreting single estimates but on overall model fit and model comparisons.
Regarding the AMS reliability, the test-retest interval was brief, as the second administration of the AMS was given after four filler ANAM tests. Future work could include test-retest reliabilities over different time periods. However, by definition, mood is a transient state and one should not expect that mood be identical across all testing sessions, regardless of the test-retest interval, unless contextual circumstances were identical.
It should also be noted that there were some mood changes from test to retest that achieved statistical significance. However, these changes should not be over-interpreted because power was quite high, effect size was low, and therefore these differences in mood may not qualify as truly important or meaningful changes in mood state. Also, these differences in mood can be due simply to the passage of time, instead of the testing itself.
An additional limitation is that the results are generalizable primarily to a non-clinical, young adult population. The goal of the study was to investigate the reliability and construct validity of the AMS in a population that is most representative of the diversity of domains in which the AMS can be applied. However, as a thoughtful reviewer noted, future work is needed to test whether the factor structure changes as function of different populations. Indeed, this may even be an important diagnostic index above and beyond simple changes in mood. In addition, in a clinical domain it is often important to investigate a test's sensitivity and specificity in discriminating between a clinical and control group or between two different clinical groups (e.g., Montgomery et al., 2000; Roebuck-Spencer et al., 2006) . Future work should investigate the classification accuracy of the AMS with various clinical criterion groups.
Although this study provides validation of an additional mood scale in a large body of previously constructed mood scales, the AMS is, to our knowledge, one of the few validated mood scales contained in a computer-based neuropsychological assessment battery. This is an important step in developing a complete but brief computer-based neuropsychological screening battery. There is accumulating evidence to suggest that screening and monitoring mood is vital to the assessment of TBI, soldier deployment effects, and neurological disease (David et al., 2002; Jorge & Robinson, 2002; Montgomery et al., 2000; Vasterling et al., 2006) .
The AMS demonstrated sound reliability and construct validity. The current study advocates the application of the AMS in a variety of domains, but especially in the neuropsychological domain. It is important to note that like other computer-based neuropsychological tests in ANAM, the AMS takes only a brief time to administer. Given the increasing importance given to mood in the neuropsychological domain, it is recommended that the AMS be combined with other ANAM cognitive tests in an endeavor to create a brief but complete computer-based neuropsychological assessment battery.
